1. In eight patients being treated by chronic dialysis the relation of magnesium metabolism to the magnesium concentration of the dialysate was investigated. During four periods of 2-6 weeks the magnesium concentrations of the dialysis fluid were 0'44±0'15 mg/IOO ml, 0'70±0'24 mg/IOO ml, 1'83±0'18 mg/IOO ml and 1'97±0'21 mg/IOO ml.
and only a slight fall in concentration or no change was observed during dialysis (Stewart & Neah, 1969) . In the investigations by Odgen & Holmes (1966) and Posen & Kaye (1967) the ultrafiltrable plasma magnesium was found to respond in a similar manner. Mansouri et al. (1970) found that erythrocyte magnesium concentrations were invariably increased before dialysis and no significant contrary trend was noted after dialysis. The present investigation in patients being treated by chronic dialysis was carried out to determine the influence on magnesium metabolism of the magnesium concentration in the dialysate. In addition we wished to verify whether a relationship exists between magnesium and calcium metabolism as claimed by Heaton & Parsons (1961) , MacIntyre, Hanna, Booth & Read (1961) , Heaton & Pyrah (1963) , Alcock & MacIntyre (1962) , Clarkson, Warren, McDonald & de Wardener (1967) , Bethune, Turpin & Inoue (1968) , Zimmet, Breidahl & Nayler (1968) and Martin (1969) . Whang & Welt (1963) , Heaton (1965) , Gitelman, Kukolj & Welt (1968) and Hegsted (1968) had found such correlation to exist in animals. Such a phenomenon may be due to the similar action of calcium and magnesium on the activity of the parathyroid hormone.
MATERIAL AND METHODS
Eight patients undergoing a regular dialysis programme were chosen at random for the study (Table 1) . A 7 h dialysis was carried out two to three times a week with a Cuprophan coil dialyser according to Kolff-Watschinger, by using a single-pass recirculation system (RSP). During four periods of 2-6 weeks concentrations of magnesium in the dialysis fluid of 0·44 ± 0'15 mg/lOO ml, 0'70±0'24 mg/IOO ml, 1'83±0'18 mg/100 ml and 1'97±0'21 mg/100 ml were used. To disclose any possible action of the calcium concentration in the dialysate, a low calcium concentration (i.e, that of tap water) was used during two periods and during another two periods the calcium concentration was adjusted to 5-6 mg/100 mI. Blood samples were drawn from the arterial part ofthe shunt before and towards the end of the dialysis. In addition to routine analysis of blood urea nitrogen (BUN), creatinine, sodium, potassium, chloride and plasma bicarbonate, the total plasma concentrations of magnesium and calcium (Mg, and Cap) and the ultrafiltrable magnesium and calcium (Mg UF and CaUF) were determined photometrically (according to Mann & Yoe, 1956) and by means of the flame-photometer. The ultrafiltrate was obtained by using the method described by Toribara, Terepka & Dewey (1957) , while maintaining a constant pH. Erythrocytes haemolysed with distilled water were used for the colorimetric measurement of erythrocyte magnesium concentrations (Mg.) , Normal values for Mg, (1·97±0·26 mg/IOO ml) and for Mg, (5·85±1·65 mg/l00 ml) were determined in a group of twenty-one healthy persons. The normal percentage of ultrafiltrable magnesium concentration compared with the total plasma concentration was assumed to be 60-70% (according to Randall, 1969) and 60% for calcium in accordance with Hegsted's (1968) findings. In addition, during four dialyses the dialysis fluid was continuously collected in litre containers; the net transfer of magnesium and calcium from the blood into the dialysate and vice versa was calculated by determination of the magnesium and calcium concentrations in the individual samples. Table 2 shows that in all test periods the concentration of plasma magnesium (Mgs) was higher than normal (P<O·OOI) . The use of a bath solution with higher magnesium content (Mg o) resulted in higher Mg, values before dialysis than when a low Mg o was used. The fall in Mg, was statistically significant only in dialyses with Mg o of 0·44 and 0·70 mg/IOO ml whereas Mg o of 1·83 and 1'97 mg/l00 ml did not induce any significant difference in plasma values With the dialysis fluid with the lowest magnesium concentration, the mean intracellular magnesium concentration (Mgj) before dialysis was significantly lower than normal (P < 0'005).
RESULTS

Magnesium metabolism
In all periods with increased Mg o, the Mg, values were above normal. In the period with the lowest Mg o during dialysis, a marked increase in erythrocyte magnesium concentration was observed, even when the initial Mg, values were above normal (Fig. 1) . However, with a high Mg o a significant drop in Mg, occurred; this phenomenon was seen irrespective of the initial values. This change in Mg, could not be influenced by altering the calcium content of the dialysis fluid. However, if the magnesium concentration ofthe dialysate was 0·7 mg/IOO ml, no significant change in Mg, occurred in the values recorded for the entire group of patients. The cumulative magnesium balance in four patients during a 7 h dialysis is presented in Table 3 . The magnesium loss was greatest with the lowest magnesium content in the solution; a positive balance resulted when a high Mg o was used, i.e. there was a net transfer of magnesium from the bath solution into the blood.
Calcium metabolism
Before dialysis the concentration of plasma calcium (Cap) was in the lower normal range or below normal. No significant change was observed when the calcium concentration in the bath (Cao) was 5'46 mg/IOO ml. In all other periods with a lower Cao, a statistically significant decrease in Cap occurred during dialysis. Since the ultrafiltrable calcium (CaUF) concentration remained relatively constant, the percentage of the non-protein-bound calcium in the total calcium concentration (Cap) must rise. The maximum loss of calcium to the bath solution amounted to 320 mg during a 7 h dialysis. A positive calcium balance was observed with a CaD value of 6·0 mg/IOO ml.
DISCUSSION
In advanced renal failure the plasma magnesium concentration has been found to be normal or raised and the intracellular concentration raised by the majority of authors (Smith & Hammersten, 1959; Hanze & Hiller, 1963; Govan, Porter, Cook, Dixon & Trafford, 1968; Mansouri et al., 1970) . However, in muscle biopsies of twelve patients with a creatinine clearance below 10 nil/min Lim, Dong & Khoo (1969) found cellular magnesium deficiency in spite of hypermagnesaemia. Our investigation shows that in chronically uraemic dialysis patients magnesium concentration in plasma and erythrocytes is largely determined by the magnesium content of the bath solution. By using a low dialysate magnesium concentration, corresponding to that of local tap water, hypermagnesaemia and a marked erythrocyte magnesium deficiency occurs. In chronic renal failure intracellular magnesium deficiency may be the result of decreased absorption from the gastrointestinal tract (Clarkson, McDonald, de Wardener & Warren, 1965) and increased gastrointestinal losses because of diarrhoea and vomiting (Lim et al., 1969) . To this are added factors such as low magnesium content ofa low protein diet (Caddell & Goddard, 1967; Lim et al., 1969) and possibly decreased gastrointestinal magnesium absorption because of this (McCance, Widdowson & Lehmann, 1942) . In our patients protein intake was not restricted and therefore the magnesium supply was assumed to be normal. The loss of magnesium to the bath during the period with low magnesium content of the dialysis fluid may be regarded as the principal reason for the low intracellular values. The extent of the net amount of magnesium transferred into the bath solution not only depends on the magnesium content of the bath solution but also upon the gradient MgurMg D , the blood flow during dialysis and the duration of dialysis (Odgen & Holmes, 1966) . The maximum loss of magnesium observed (710 mg) corresponds to about 7 times the amount of magnesium absorbed in the gastrointestinal tract normally during a 24 h period (Wacker & Parisi, 1968) . Thus it becomes obvious that such magnesium losses when dialysis is carried out twice weekly may cause a deficiency.
In our investigation a rise in the magnesium values for plasma, ultrafiltrate and cellular content are observed only after the magnesium concentration of the dialysis fluid is raised. The values for these contents are within the range described by Odgen & Holmes (1966) , Posen & Kaye (1967) and Mansouri et al. (1970) for a comparable magnesium concentration in the bath.
A similar correlation between serum magnesium concentration and bath solution magnesium content is cited by Stewart & Neah (1969) who found normal serum values in dialysis patients only when a dialysis solution with 0·5 mEq of magnesium/l was used. In this context Massry, Coburn, Hartenbower, Shinaberger, de Palma, Chapman & Kleeman (1970) found a significantly higher magnesium concentration in the skin whenever a higher magnesium content in the dialysis bath was used.
Another factor contributing to the positive balance of magnesium is the administration of drugs containing this ion [Alucol, Al-, Mg (OH)2] in addition to the already increased magnesium concentration in the dialysis fluid; this additional supply is given to some patients because of an increase in the serum phosphate concentration and metastatic calcification secondary to renal failure. This exogenous supply amounted to 100-250 mg daily, i.e, an additional supply of 50-100% of the daily requirement (Hegsted, 1968) . This magnesium has to be taken into consideration' since absorption of magnesium increased in proportion to the daily intake (Heaton & Parsons, 1961) . Randall (1969) also points out the danger of magnesium overloading through phosphate-binding antacids containing magnesium. However, according to Wallach, Cahill, Rojan & Jones (1962) , an increased magnesium supply through antacids causes the plasma concentration to rise more quickly than the intracellular magnesium content.
The seemingly paradoxical changes of the erythrocyte magnesium content in the dialysis under the influence of the magnesium concentration in the bath solution only become evident when low or high concentrations are used. When studying the average values during individual periods for intracellular magnesium content before and after dialysis, a trend towards normal values may be assumed irrespective of the magnesium content of the bath and of net transfer; this may be regarded as an effect on the transport mechanisms of the erythrocyte membrane. In conflict with this theory, however, is the uniform change in the same direction irrespective of the initial values; if we break down our values for the individual periods into groups with low, normal and increased initial values. However, since a positive magnesium balance must cause an increase of magnesium in the intracellular space and a negative magnesium balance must result in a decrease, the magnesium shifts in the opposite direction observed in the erythrocytes during haemodialysis cannot be regarded as representative of the rest of the intracellular space.
The normalization of magnesium concentration in plasma and ultrafiltrate as well as the insignificant magnesium shifts during 7 h dialysis while using a dialysis fluid with a magnesium content of 0'7 mg/ 100 ml, led us to conclude that this concentration is suitable for regular dialysis treatment in agreement with Stewart & Neah (1969) and Stewart & Fleming (1969) T hese conclusions, however, conflict with those of Danesh, Walker & Matners (1970) , Posen & Kaye (1967) , Mansouri et al. (1970) and Drukker, Jungerius & Albert (1967) (1'2-2'1 mg/l00 ml).
In the animal experiments carried out by Gitelman et al. (1968) and Buckle, Care, Cooper & Gitelman (1968) parathyroid hormone activity was suppressed by magnesium. However, until now, clinical evidence of the improvement in secondary hyperparathyroidism through constantly maintained hypermagnesaemia is lacking. In addition, we cannot deduce any correlation between total and ultrafiltrable magnesium and calcium from our findings so that the use of increased magnesium concentrations does not appear to be useful.
